Progesterone plays a central role in women's reproductive health. Synthetic progestins, such as medroxyprogesterone acetate (MPA) are often used in hormone replacement therapy (HRT), oral contraceptives, and for the treatment of endometriosis and infertility. Although MPA is clinically effective, it also promiscuously binds to androgen and glucocorticoid receptors (AR/GR) leading to many undesirable side effects including cardiovascular diseases and breast cancers. Therefore, identifying alternative progestins is clinically significant. The purpose of this study was to biologically characterize non-steroidal progestins from botanicals by investigating their interaction and activation of progesterone receptor (PR).
Introduction
Progesterone (P 4 ) is a female sex steroid that plays an essential role in normal human reproductive function in the uterus, ovary, mammary gland, and brain [1] . P 4 is also implicated in non-reproductive tissues including the cardiovascular system, bone, and central nervous system stressing the importance and prevalence of this hormone in normal physiology [1] . P 4 mediates its actions by binding to its nuclear progesterone receptor (PR), which functions as a transcription factor to regulate downstream target genes [2] . Alternative splicing of the PR mRNA results in two distinct isoforms; the full length PRB and N-terminus truncated PRA [2] . PRA and PRB have identical DNA and ligand binding domains; however, they elicit distinct transcriptional regulatory activities [3] . For instance, in the rodent PRB mediates the proliferative effects of P 4 in the mammary gland and PRA is essential for the functional response of P 4 in the uterus and ovaries [1, 4] . Progesterone may also bind to progesterone receptor membrane component 1 (PGRMC1) and inhibit apoptosis in granulosa cells to maintain their viability during follicular development [5] .
Progestins are essential and ubiquitous as a drug therapy in women's health. For example, endometriosis is the most common cause of infertility and chronic pelvic pain that affects 1 in 10 women of reproductive age [6] .
High levels of estrogen are a well-established risk factor for endometriosis and because progesterone inhibits estrogen-driven endometrial hyperplasia, the synthetic progestin medroxyprogesterone acetate (MPA) is often used in the treatment of endometriosis and endometrial cancer [7] . Progestins are also a component of hormone replacement therapy (HRT), which is used for the alleviation of menopausal symptoms [8] . The replacement of estrogen alone increases the risk of endometrial cancer by 120% for every 5 years of use [8] . Therefore, women taking HRT must take a combination of estrogen and progestins to oppose estrogen induced uterine hyperplasia and cancer [8] . In addition, there are more than 40 million women using oral contraceptives containing progestins, which can protect against ovarian cancer but may increase the risk for blood clots [9, 10] . While all of these conditions involve the use of a progestin, synthetic progestins are associated with deleterious side effects including blood clots, cardiovascular disease, heart attack, stroke, venothrombolic events and breast cancer primarily due to the promiscuous binding of progestins to glucocorticoid (GR) and androgen receptors (AR) (7). Therefore, the identification of alternative progestins is clinically significant. Selective PR modulators (SPRMs) are a class of PR ligands with clinically relevant tissue-selective P 4 agonist and antagonist, or mixed agonist/antagonist properties [11] . Since SPRMs have the potential to provide the beneficial effects of progestins in the uterus while avoiding their drawbacks in the breast, pharmaceutical companies are currently developing non-steroidal progestins with the purpose of generating SPRMs.
Due to the side effects associated with hormone therapy and the perceived safety of natural remedies, millions of menopausal women are seeking alternatives in the form of botanical extracts and dietary supplements. Unfortunately, the use of botanicals containing only plant-derived estrogens in the absence of progestin-like molecules might increase the risk of developing endometrial cancer similar to taking estrogen alone (7). For instance, red clover, hops, and angelica are common botanicals which contain phytoestrogens that bind and activate estrogen receptors and are used for the treatment of menopausal symptoms [12] . Interestingly, when hops and red clover were given orally to ovariectomized rats, uterine weights were not significantly increased in animals treated with a crude extracts as compared to pure estrogenic compounds alone, suggesting the presence of progestins capable of opposing estrogen activity [13, 14] .
The purpose of this study was to identify if botanical dietary supplements currently being used for women's health contain compounds with P 4 -like activity. The following representative botanicals currently being sold as components of women's health formulations were tested as 75% ethanolic extracts: red clover, hops, angelica, black cohosh, kudzu, dogwood, and chaste-tree berry. Extracts were investigated for their ability to interact with purified PR, to activate PRE-luciferase transcription in T47D breast cancer cells, and for tissue specific regulation of P 4 inducible genes. Red clover, kaempferol, naringenin, and apigenin were identified as having P 4 -like activity and may function as non-steroidal SPRMs.
Materials and Methods

Reagents
All chemicals and reagents were purchased from Fisher (Hanover Park, IL) or Sigma-Aldrich (St. Louis, MO) unless otherwise indicated. All media for cell culture was purchased from (Life Technologies, Inc. Carlsbad, CA). Fetal bovine serum (FBS) and charcoal stripped serum was purchased from Atlanta Biologicals (Norcross, GA 
Extraction of plant extracts
All extracts were kindly prepared by the UIC/NIH Center for Botanical Dietary Supplements Research.
Angelica sinensis (roots) was purchased from Yin Wall City, Inc. Chicago, IL (2001) . Pueraria lobata (kudzuflowering parts) was collected in Evanston, IL. Cimicifuga racemosa (black cohosh-rhizomes and roots), Cornus officinalis (dogwood-fruits), Valeriana officinalis (valerian-roots), and Vitex agnus-castus (chaste-tree berry-berries), were provided by PureWorld Botanicals, now known as NATUREX (South Hackensack, NJ). A previously described CO 2 -extracted nugget cultivar of Humulus lupulus (hops) was provided by Yakima Chief, Inc. Sunnyside WA [15] . A Trifolium pratense (red clover) 30% isoflavones extract was provided by NATUREX (Hackensack, NJ). All voucher specimens have been deposited at the Pharmacognosy Field Station, Department of Medicinal Chemistry and Pharmacognosy, College of Pharmacy, University of Illinois at Chicago. All plant extracts were prepared as described previously [12] . 
Cell culture and cell lines
Progesterone receptor competitive binding assay
The progesterone receptor competitive binding assay kit was purchased from (Life Technologies, Inc. Carlsbad, CA). The progesterone receptor ligand binding domain (amino acids 675-933) fused to GST (PR-LBD-GST; 80 nM), a fluorescently tagged PR ligand (fluoromone green PL; 4 nM), and either progesterone (1 nM), plant extracts, or compounds were incubated in PR screening buffer with 4 mM dithiothreitol (DTT) in a total volume of 100 μL for 1 h at room temperature as described previously [24] . Each sample was analyzed in triplicate using POLARstar OPTIMA (BMG LabTech, Offenburg, Germany). An average of three samples containing only buffer and PR-LBD-GST with no fluorescent PL was used as the blank to eliminate background signal from the protein or buffer. A sample with no competitor was used to determine 100% binding capacity of the PR-LBD-GST for the PL ligand.
Cytotoxicity assay
The sulforhodamine B (SRB) assay was used to measure cell viability. Cells were plated at 1,000 cells per well in a 96-well plate and treated with DMSO or compounds for 24 h. To process the plates, 50 μL of cold 50% trichloroacetic acid (TCA) was added to the media (final concentration 20%) and stored at 4 ºC for 30 min. The plates were washed with water and dried overnight. The following day the plates were stained with 100 μL of sulforhodamine B (SRB) at room temperature, washed with 1% (v/v) acetic acid and dried in the dark overnight. The dye was resuspended in 200 μL 0.1 mM Tris buffer and agitated until the dye was completely solubilized. The plates were read using the endpoint mode at 515 nm. Calculation of the percent cytotoxicity was determined using equation [1-((OD sample -OD day0 )/(OD DMSO -OD day0 ))] × 100 = % cell death.
Quantitative PCR
Quantitative PCR was used to examine the modulation of zinc finger and BTB domain-containing protein 16 (ZBTB16), prolactin (PRL) and cannabinoid receptor 1 (CNR1) by phytoprogestins in T47D cells or HESC using SYBR green fluorescence. To demonstrate feasibility, RNA was extracted using Qiagen RNeasy Mini Kit (Qiagen, Valencia, CA) and reverse transcribed using RevertAid first strand cDNA synthesis kit (Fermentes, Glen Burnie, MD) according the manufacturers' protocols. Each reaction consisted of 100 ng cDNA, 10 PL SYBR Green PCR Master Mix (PE Applied Biosystems, Carlsbad, CA), and 0.5 ȝM forward and reverse primers (Sigma, St. Louis, MO) for 40 cycles (95°c for 15 s, 65 °C for 1 min) (Supplemental Table 2 ). The fold changes in all genes were analyzed with the ǻǻCt method, with GAPDH or H3F3 as an internal control. Data reported are the mean fold change r SEM for three replicates over negative control DMSO.
Western Blot Analysis
T47D cells were incubated in serum free media with DMSO or compounds for 1.5 h or 24 h. Cells were lysed in 1X RIPA buffer (50 mM Tris, pH 7.6, 150 mM NaCl, 1% (v/v) Triton X-100, 0.1% (w/v) SDS) and Roche protease inhibitor (Roche, Madison, WI). Protein concentrations were measured using BCA protein assay reagent (Fisher, Rockford, IL). Protein was separated on denaturing 7% SDS-PAGE gels and transferred to PVDF membranes using iBlot (Life Technologies, Inc. Carlsbad, CA). Membranes were blocked in 3% milk in Tris buffered saline-Tween (1 M NaCl, 2% 1 M Tris, 3% Tween 20). Membranes were probed overnight at 4º C with antibody against PR-A/B (Cell Signaling, Danvers, MA) at a dilution of 1:500 in 3% milk in TBS-T.
Membranes were washed and probed with HRP-linked secondary antibody (Cell Signaling, Danvers, MA).
Chemiluminescent was detected using SuperSignal West Femto Chemiluminescent Kit, (Thermo Scientific, Hanover Park, IL) according to the manufacturer's protocol and imaged on a Syngene G:Box P20111247 (Imgen Technologies, Alexandria, VA). Membranes were reblotted for actin (Cell Signaling, Danvers, MA) as loading control. Densitometry analysis was performed using Image-J from NIH and the average fold change from three blots is reported.
Results
Plant extracts bound to PR and induced PRE-luciferase in T47D breast epithelial cells
Eight ethanolic botanical preparations commonly used for women's health were tested for their ability to interact with purified progesterone receptor (PR) and for induction of a progesterone responsive element (PRE) linked to luciferase in T47D breast cancer epithelial cells (Table 1 ). The T47D cell line was used due to its high endogenous expression of PR [18] . Four plant extracts demonstrated a significant dose-dependent ability to interact with purified PR in a receptor binding assay: the 75% EtOH extracts of valerian, dong quai, dogwood, and red clover ( Table 1) . The 75% EtOH extracts of hops and kudzu could not be measured for receptor binding due to interference of the crude plant extract with changes in fluorescence polarization. To determine if botanical extracts induce expression of a progesterone reporter gene, T47D cells were transiently cotransfected with the PRE-luciferase plasmid and used to measure activation of the functional PR-PRE complex in response to treatment with botanical extracts. Only red clover (20 Pg/ml) significantly activated PRE-luciferase induction (Table 1 ). The hops extract was cytotoxic in T47D cells and could not be evaluated in this assay (Table 1) . Dogwood bound to the PR but did not induce PRE-luciferase activity (Table 1) . Therefore, extracts were incubated with progesterone to determine if they bound the receptor and functioned as antagonists. In the presence of 100 nM P 4 , only dogwood and black cohosh extracts significantly inhibited P 4 -induced activation of luciferase in T47D cells indicating that they function as receptor antagonists (Figure 1 ).
Identification of pure compounds from botanicals with progestegenic activity that dose dependently bound to PR, induced PRE-luciferase and are inhibited by the PR antagonist RU486 in T47D cells
Since a 75% ethanolic extract of red clover significantly induced PRE-luciferase activity (Table 1) , a library of 26 compounds (Supplemental Table 1 ) previously isolated from red clover [19] were tested for their ability to bind to PR and activate the PRE-luciferase reporter gene (Table 2) . Genistein, daidzein, biochanin A, and formononetin are isoflavonoids from red clover that were previously reported to interact with and activate estrogen receptor (ER) signaling [20] . First, the isoflavones with estrogenic activity were investigated to confirm that these compounds could not also interact with and activate PR. None of the isoflavones with estrogenic activity significantly interacted with purified PR in a receptor binding assay or induced PREluciferase expression. From the library, kaempferol was identified from red clover as a ligand for PR. Apigenin was investigated based on its similar structure to kaempferol and is a known constituent of chaste-tree berry [21] . Both flavonoids were determined to significantly activate PRE-luciferase expression and bind to purified progesterone receptors (Table 2) . Naringenin, also found in the red clover library, bound to PR, but did not significantly activate PRE-luciferase at 10 ȝM (Table 2 ). In order to determine if kaempferol, apigenin, and naringenin could activate PRE-luciferase in a dose-dependent manner, five increasing doses of compounds were tested in T47D cells. P 4 , kaempferol, apigenin and naringenin all dose-dependently activated PRE-luciferase (Figure 2 ). Naringenin at 10 ȝM was not significantly different than solvent control (Table 1 ), but at 20 ȝM reached significance. Based on dose response curves, kaempferol was the most active at 7.5 ȝM ( Figure 2B) followed by apigenin at 5 ȝM ( Figure 2C ). To further confirm if these transcriptional effects were PR mediated, cells were treated with and without RU486, a well-characterized PR antagonist. RU486 was able to significantly abrogate P 4 , kaempferol, apigenin and naringenin-induced PRE-luciferase activity (Figure 2 ). 100nM P 4 induces a 54 fold change over basal. MPA demonstrated comparable activity (data not shown).
Kaempferol, apigenin, and naringenin induced the P 4 -regulated gene ZBTB16 in T47D breast epithelial cells
To further evaluate the effects of kaempferol, apigenin, and naringenin on progesterone signaling in breast epithelial cells, induction of the P 4 responsive gene ZBTB16 was measured using SYBR green real-time PCR (Figure 3 ) [22] . Kaempferol (100 PM) significantly induced ZBTB16 mRNA after 24 h, while apigenin and naringenin did not induce ZBTB16 at this concentration (Figure 3) . However, when cells were treated at higher doses of the purified compounds (250 PM), the induction of ZBTB16 was significant for all three flavonoids (Figure 3) . The presence of the PR antagonist, RU486, significantly inhibited P 4 or phytoprogestin-induced ZBTB16 expression (Figure 3 ). The positive control (100nM) was much more potent compared to phytoprogestins even when used at higher concentrations (100 PM and 250 PM).
Kaempferol, apigenin, and naringenin dose-dependently induced PRE-luciferase in human endometrial stromal cells (HESC) that is antagonized by RU486
The cell and tissue context is critical when investigating P 4 signaling because the actions of P 4 can be both tissue and cell type specific [23] . In the uterus, cell type specific signaling is especially important since progesterone blocks estrogen-induced proliferation by acting on the stromal cells, a phenomenon not seen in breast epithelial cells, such as T47D, suggesting that progestins may have differential biological activity and potency in the breast as compared to the uterus [24] . Because P 4 signals in the stromal cells of the uterus, the ability of kaempferol, apigenin, and naringenin to induce PRE-luciferase activity at different doses was investigated in a human endometrial stromal cell line (HESC) ( Figure 4A ). Medroxyprogesterone acetate (MPA) kaempferol, and apigenin, but not naringenin, dose-dependently activated PRE-luciferase in HSEC (Figure 4a) . MPA was the most active compound followed by kaempferol and apigenin ( Figure 4A ). However, at higher concentrations, kaempferol and MPA had similar potency ( Figure 4A ). Purified compounds at 20 PM significantly upregulated PRE-luciferase expression in HESC and the presence of 1 μM RU486 significantly inhibited MPA, kaempferol, and apigenin induced PRE-luciferase at 20 PM ( Figure 4A) . In HESC cells, the positive control and kaempferol had similar biological activities indicating that purified compounds exert more potent transcriptional activity in HESC compared to T47D cells.
Kaempferol, apigenin, and naringenin induced decidualization genes, PRL and CNR1, in HESC human endometrial stromal cells
Decidualization is the morphological and biochemical change of the endometrial stroma during embryonic implantation, a process that critically relies on the end point of P 4 signaling. During this process, new proteins such as prolactin (PRL) and cannabinoid receptor 1 (CNR1) are expressed due to progesterone signaling [25] .
To evaluate the ability of kaempferol, apigenin, and naringenin to induce endogenous progesterone signaling in endometrial stromal cells, genes activated during decidualization were measured using SYBR green quantitative PCR. In contrast to T47D cells, 100 μM kaempferol, apigenin and naringenin induced PRL expression in HESC cells after 48 h ( Figure 5A ). The induction of decidualization genes was attenuated in the presence of 1 μM RU486 ( Figure 5A ). A similar trend was observed when CNR1 expression was measured, with the exception of naringenin, which did not induce CNR1 expression ( Figure 5B ).
Kaempferol, apigenin, and naringenin did not downregulate PRA or PRB expression in T47D breast epithelial cells
Progestin agonists autoregulate PR gene expression via a negative feedback loop [26] . Proteasomal downregulation stimulated by P 4 binding of PR could be partially responsible for the progestin therapy resistance seen in endometriotic patients [27] . If phytoprogestins can activate progesterone signaling without simultaneously downregulating PR, then an alternative therapeutic approach could be attempted using these natural ligands. The regulation of PRA and PRB expression by kaempferol, apigenin, and naringenin in breast epithelial cells was analyzed by western blot analysis. Cells exposed to 1 μM P 4 for 1.5 h ( Figure 6A ) or 16 h ( Figure 6B ) exhibited downregulation of PRB and more noticeably PRA, which was not observed with 100 μM kaempferol, apigenin, and naringenin treatments.
Kaempferol and apigenin antagonized P 4 -induced PRE-luciferase activity in T47D breast epithelial cells
Analyses of phytoestrogens like genistein have demonstrated their biphasic behavior, acting as agonists
when no other hormone is present but functioning as antagonists in the presence of more potent estrogens such as estradiol. In addition, apigenin was recently reported to prevent MPA-induced mammary tumors in rats, suggesting that apigenin is a weak agonist in the presence of the more potent progestin, MPA [28] . To investigate if purified compounds can elicit similar functions in vitro, T47D cells were incubated in combination with 100 nM P 4 plus 10 μM kaempferol, apigenin, or naringenin for 24 h. Kaempferol and apigenin, but not naringenin, significantly downregulated P 4 -induced PRE-luciferase (Figure 7 ).
Discussion
In this study, the progestegenic activity of eight commonly used botanicals for women's health and a library of purified compounds from red clover were evaluated using several in vitro progestegenic assays. Despite equivocal results in several double-blinded placebo controlled clinical trials evaluating botanicals as alternative therapies for the alleviation of hot flashes, women continue to utilize botanicals, emphasizing the importance of continued research into their safety and biological mechanism(s) of action [29] . Published literature demonstrate that red clover contains estrogenic compounds, which explains its therapeutic use for the alleviation of menopausal symptoms [20] , but the unknown presence of progestins in the crude extract might improve its safety in terms of uterine cell proliferation. The competitive binding of purified PR, induction of transiently transfected PRE-luciferase, and the up-regulation of P 4 inducible genes, in both T47D breast cancer epithelial and HESC cell lines suggests that an ethanolic extract of red clover contains natural ligands that can activate signaling through PR. The experimental results from this study show that natural progestins kaempferol and naringenin were identified from a library of compounds isolated from red clover. Apigenin, a structurally similar flavonoids, demonstrated similar progesterone-like biological activity to naringenin and kaempferol.
Progestegenic and estrogenic components found together in red clover may provide the benefits of estrogen for mitigating menopausal symptoms and the progestins necessary to combat the formation of estrogen-induced uterine cancers.
In the current study, the pure compounds identified in red clover (kaempferol, naringenin) and a structurally related flavonoid from chaste-tree berry (apigenin) bound to the PR and activated canonical and endogenous P 4 signaling in breast epithelial T47D and uterine stromal cells. These "phytoprogestins" showed considerably lower progestegenic activity compared to positive control P 4 , suggesting that they are weak PR agonists in the breast epithelial cells (Phytoprogestins are more than 50 fold weaker than P 4 ). ǡ ǡ ǡ Ǥ Due to the sensitivity of transfected cells, the treatment concentrations in the luciferase reporter assays had to be maintained at doses lower than 20 PM. As seen with apigenin and kaempferol, the activity of PRE-luciferase started to decrease at concentrations higher than 5 PM and 10 PM likely due to cell death. Gene induction experiments allowed for higher treatment concentrations (100 PM, 250 PM) since these cells were not subjected to transfection prior to treatment. Interestingly, when PRE-luciferase reporter assay and gene induction experiments were repeated in the endometrial stromal cells, phytoprogestins demonstrated higher progestegenic potency in relation to MPA, which was used in lieu of P4 based on existing literature [25, 27, [30] [31] [32] [33] . The discrepancies between the two cell types indicate that phytoprogestins may have the potential to confer the beneficial effects of progestins in the uterus while avoiding their drawbacks in the breast by functioning like a natural SPRM (selective progesterone receptor modulator). The molecular basis responsible for cell selectivity of phytoprogestins could be in part due to the different expression levels of coactivator and corepressor proteins found in the breast epithelial and endometrial stromal cells [11] , subsequently regulating transcription of downstream gene targets. In addition, the expression ratios of the two PR isoforms (PRA, PRB) vary in reproductive tissues depending on the cell type [3], therefore, phytoprogestins may differentially mediate their effects depending on the tissue or cell target. Ͷ ǡ Ǥ Zhao et. al [30] showed that the PR concentration in the endometrial stromal cells was only 10% of that detected in T47D breast epithelial cells, whereby PRB is the dominant isoform.
Phytoprogestins were able to activate P4 signaling in T47D cells without downregulating PR expression, suggesting that these natural ligands could be used to overcome progestin therapy resistance. However the lack of PR degradation by these phytoprogestins could also be attributed to their low P 4 activity in this cell line.
Unfortunately, low PR expression levels in the endometrial stromal cells due to the lack of prior estradiol priming stifled the investigation of phytoprogestin regulation of PR by western blotting expression in this cell type.
Zand et. al provided the first evidence that apigenin and naringenin may have progestegenic activity [34] .
Kaempferol was not investigated in these experiments. In previous reports, only breast cancer cell lines were used to study flavonoids, which does not account for cell type specific activity [34] . Despite not having been previously characterized as active ligands for the PR in vivo, Stroheker et. Al [35] demonstrated that kaempferol and apigenin are not estrogenic. Several pieces of data in the literature further support the idea that kaempferol and apigenin are biologically active as progestins in vivo. For example, Hyder et. al [28, 36] recently showed that apigenin prevents the development of MPA-induced mammary tumors in rats. Our in vitro results are consistent with these conclusions based on the observations that apigenin and kaempferol acted as weak agonists in breast epithelial cells when no other hormones were present, but in the presence of P 4, functioned as antagonists. The antagonistic effect induced by kaempferol and apigenin in the presence of P 4 may be explained by its binding to the PR followed by heterodimerization with P 4 -bound PR. The heterodimers could be less effective at binding to the response element of the target genes, leading to silencing of PRE-luciferase gene transcription. Nonetheless, further evaluations of phytoprogestins are necessary to explore its chemopreventive properties against breast cancers that develop in response to progestins such as MPA used in hormone replacement therapy.
Kaempferol inhibits the activation of nuclear factor-NB (NF-NB), implicating its potential as an antiinflammatory agent [37, 38] . Interestingly, steroids such as progestins can also signal through the PR to elicit similar anti-inflammatory mechanisms by forming a transcriptionally inactive complex between P 4 -bound PR with NF-NB in the cytoplasm, blocking downstream NF-NB signaling [39] . Furthermore, studies have shown that kaempferol or P 4 can repress lipopolysaccharide (LPS)-induced interleukin-8 (IL-8) and cyclooxygenase 2 (COX-2) expression [38, 40] . In a different study, kaempferol inhibited ovarian cancer tumorigenesis and angiogenesis in an animal model [41, 42] and in human observational studies, kaempferol intake was found to significantly decrease (40%) ovarian cancer incidence, [43] . These published data further support that kaempferol may function as a progestin, especially since progestins are one of the only established chemopreventive agents against the development of ovarian cancer [44] . Although kaempferol was successfully identified as an active compound from a red clover compound library, other undiscovered active compounds might be present in the extract, which remains to be explored.
The notion that natural progestins can be identified illustrates a new type of "endocrine disruptor" that could interact with and modify endocrine systems. Endocrine disruption is a critical issue because women are already consuming plant-based therapies for a variety of conditions, such as infertility, breast enlargement, menopausal, and premenstrual symptoms [45, 46] . Studying the effects and mechanisms of these phytoprogestins will help identify if progesterone signaling is being altered and whether this might contribute to the safety profile of botanical supplements. Promiscuous binding of MPA to GR or AR initiates many side effects [47] . Therefore, defining phytoprogestin binding to alternative biological targets is an important future goal to avoid known negative side effects associated with existing progestins. The cell and tissue selectivity of these phytoprogestins, and the ability to signal through the PR without reducing the receptor expression suggest that future in vivo 
